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1. 

METHODS OF FORMING A PATTERN ON A 
SUBSTRATE 

TECHNICAL FIELD 

Embodiments disclosed herein pertain to methods of form 
ing a pattern on a substrate. 

BACKGROUND 

Integrated circuits are often formed on a semiconductor 
Substrate such as a silicon wafer or other semiconductive 
material. In general, layers of various materials which are 
semiconductive, conductive, or electrically insulative are 
used to form the integrated circuits. By way of examples, the 
various materials may be doped, ion implanted, deposited, 
etched, grown, etc. using various processes. A continuing 
goal in semiconductor processing is to strive to reduce the 
size of individual electronic components, thereby enabling 
Smaller and denser integrated circuitry. 
One technique for patterning and processing semiconduc 

tor Substrates is photolithography. Such may include deposi 
tion of a patternable masking layer commonly known as 
photoresist. Such materials can be processed to modify their 
solubility in certain solvents, and are thereby readily usable to 
form patterns on a substrate. For example, portions of a pho 
toresist layer can be exposed to actinic energy through open 
ings in a radiation-patterning tool. Such as a mask or reticle, to 
change the solvent solubility of the exposed regions versus 
the unexposed regions compared to the Solubility in the as 
deposited State. Thereafter, the exposed or unexposed regions 
can be removed, depending on the type of photoresist, to leave 
a masking pattern of the photoresist on the Substrate. Adjacent 
areas of the underlying Substrate next to the masked portions 
can be processed, for example by etching orion implanting, to 
effect the desired processing of the substrate adjacent the 
masking material. In certain instances, multiple different lay 
ers of photoresist and/or a combination of photoresists with 
non-radiation sensitive masking materials are used. Further, 
patterns may be formed on Substrates without using photore 
sist. 
The continual reduction in feature sizes places ever greater 

demands on the techniques used to form those features. For 
example, photolithography is commonly used to form pat 
terned features such as conductive lines and arrays of contact 
openings to underlying circuitry. A concept commonly 
referred to as “pitch’ can be used to describe the sizes of the 
repeating features in conjunction with spaces immediately 
adjacent thereto. Pitch may be defined as the distance 
between an identical point in two neighboring features of a 
repeating pattern in a straight-line cross section, thereby 
including the maximum width of the feature and the space to 
the next immediately adjacent feature. However, due to fac 
tors such as optics and light or radiation wavelength, photo 
lithography techniques tend to have a minimum pitch below 
which a particular photolithographic technique cannot reli 
ably form features. Thus, minimum pitch of a photolitho 
graphic technique is an obstacle to continued feature size 
reduction using photolithography. 

Pitch doubling or pitch multiplication is one proposed 
method for extending the capabilities of photolithographic 
techniques beyond their minimum pitch. Such typically 
forms features narrower than minimum photolithography 
resolution by depositing one or more spacer-forming layers to 
have a total lateral thickness which is less than that of the 
minimum capable photolithographic feature size. The spacer 
forming layers are commonly anisotropically etched to form 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
sub-lithographic features, and then the features which were 
formed at the minimum photolithographic feature size are 
etched from the substrate. 

Using Such techniques where pitch is actually halved, the 
reduction in pitch is conventionally referred to as pitch “dou 
bling'. More generally, "pitch multiplication' encompasses 
increase in pitch of two or more times, and also of fractional 
values other than integers. Thus conventionally, "multiplica 
tion of pitch by a certain factor actually involves reducing 
the pitch by that factor. 

In addition to minimum feature size and placement of such 
features, it is often highly desirable that the features 
as-formed be uniform in dimension. Accordingly, uniformity 
when forming a plurality of features may also be of concern, 
and is increasingly a challenge as the minimum feature 
dimensions reduce. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic isometric view of a substrate in 
process in accordance with an embodiment of the invention. 

FIG. 2 is a view of the FIG. 1 substrate at a processing step 
subsequent to that shown by FIG. 1. 
FIG.3 is a view of the FIG. 2 substrate at a processing step 

subsequent to that shown by FIG. 2. 
FIG. 4 is a view of the FIG.3 substrate at a processing step 

subsequent to that shown by FIG. 3. 
FIG. 5 is a view of the FIG. 4 substrate at a processing step 

subsequent to that shown by FIG. 4. 
FIG. 6 is a view of the FIG. 5 substrate at a processing step 

subsequent to that shown by FIG. 5. 
FIG. 7 is a view of the FIG. 6 substrate at a processing step 

subsequent to that shown by FIG. 6. 
FIG. 8 is a view of the FIG. 7 substrate at a processing step 

subsequent to that shown by FIG. 7. 
FIG.9 is a view of the FIG. 8 substrate at a processing step 

subsequent to that shown by FIG.8. 
FIG. 10 is a diagrammatic isometric view of a substrate in 

process in accordance with an embodiment of the invention. 
FIG. 11 is a view of the FIG. 10 substrate at a processing 

step subsequent to that shown by FIG. 10. 
FIG. 12 is a view of the FIG. 11 substrate at a processing 

step subsequent to that shown by FIG. 11. 
FIG. 13 is a view of the FIG. 12 substrate at a processing 

step subsequent to that shown by FIG. 12. 
FIG. 14 is a view of the FIG. 13 substrate at a processing 

step subsequent to that shown by FIG. 13. 
FIG. 15 is a view of the FIG. 14 substrate at a processing 

step subsequent to that shown by FIG. 14. 
FIG. 16 is a view of the FIG. 15 substrate at a processing 

step subsequent to that shown by FIG. 15. 
FIG. 17 is a view of the FIG. 16 substrate at a processing 

step subsequent to that shown by FIG. 16. 
FIG. 18 is a view of the FIG. 17 substrate at a processing 

step subsequent to that shown by FIG. 17. 
FIG. 19 is a view of the FIG. 18 substrate at a processing 

step subsequent to that shown by FIG. 18. 

DETAILED DESCRIPTION OF EXAMPLE 
EMBODIMENTS 

First example embodiments of methods of forming a pat 
tern on a Substrate in accordance with the invention are 
described with reference to FIGS. 1-9. Referring to FIG. 1, a 
substrate fragment 10 includes first material 12, second mate 
rial 14, and substrate material 16 elevationally inward of 
second material 14. Substrate fragment 10 may comprise a 
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semiconductor Substrate. In the context of this document, the 
term "semiconductor substrate' or “semiconductive sub 
strate' is defined to mean any construction comprising semi 
conductive material, including, but not limited to, bulk semi 
conductive materials such as a semiconductive wafer (either 
alone or in assemblies comprising other materials thereon), 
and semiconductive material layers (either alone or in assem 
blies comprising other materials). The term “substrate” refers 
to any supporting structure, including, but not limited to, the 
semiconductive substrates described above. Any of the mate 
rials and/or structures described herein may be homogenous 
or non-homogenous. Further, each may be formed using any 
suitable existing or yet-to-be-developed technique (with or 
without plasma), with atomic layer deposition, chemical 
vapor deposition, and physical vapor deposition being 
examples. 

First material 12 is of different composition from that of 
second material 14. As used herein, “different composition” 
only requires those portions of two stated materials that may 
be directly against one another to be chemically and/or physi 
cally different, for example if such materials are not homog 
enous. If the two stated materials are not directly against one 
another, “different composition' only requires that those por 
tions of the two stated materials that are closest to one another 
be chemically and/or physically different if such materials are 
not homogenous. In this document, a material or structure is 
“directly against another when there is at least Some physical 
touching contact of the stated materials or structures relative 
one another. In contrast, “over”, “on”, and "against not pre 
ceded by “directly, encompass “directly against as well as 
construction where intervening material(s) or structure(s) 
result(s) in no physical touching contact of the stated mate 
rials or structures relative one another. As examples, first 
material 12 may comprise photoresistand second material 14 
may comprise antireflective coating and/or hard-masking 
material such as SiO,N. In one embodiment, substrate mate 
rial 16 is of different composition from that of second mate 
rial 14. Example Substrate material 16 is shown as comprising 
a material 13 that is elevationally outward of a material 15. An 
example material 13 comprises carbon, for example an eleva 
tionally outer portion comprising diamond-like carbonandan 
elevationally inner portion comprisingamorphous hard-mask 
carbon. Material 15, in one example, may be that portion of 
substrate fragment 10 in which a pattern may beformed from 
processing relative to materials 12, 14, and 13. Alternately, a 
pattern may be formed in accordance with some embodi 
ments of the invention with respect to any of materials 12, 14, 
and/or 13 independent of subsequent processing, if any, rela 
tive to an elevationally underlying material 15. Regardless, an 
example material 15 is doped or undoped silicon dioxide, and 
one or multiple additional materials may form a part thereof 
or be elevationally inward thereof. 
An array of first openings 18 has been formed through first 

material 12 and into second material 14. In one embodiment, 
first openings 18 extend only partially through second mate 
rial 14. In one embodiment, first openings 18 are formed in an 
oblique lattice pattern, for example as-shown. Example man 
ners of forming first openings 22 include photolithographic 
patterning and/or etch. A hard-mask material (not shown) 
may be formed outwardly of first material 12 or as an outer 
portion thereof. First openings 18 may be formed at a mini 
mum-photolithographic-capable feature dimension. Alter 
nately, first openings 18 may be formed at greater than a 
minimum-photolithographic-capable feature dimension, or 
may be formed to be sub-resolution (e.g., being Sub-litho 
graphic Such as being formed using pitch multiplication tech 
niques). 
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4 
Referring to FIG. 2, former first openings 18 (not shown) 

within first material 12 have been widened to join with imme 
diately adjacent first openings to form spaced pillars 20 com 
prising remaining first material 12 after the widening. Such 
may be conducted by an isotropic etch which removes mate 
rial approximately equally from the sides and top of first 
material 12. Alternately, chemistry and conditions may be 
used which tend to etch greater material from the lateral sides 
of first material 12 than from the top. Alternately, chemistries 
and conditions may be used which tend to etch greater mate 
rial from the top of first material 12 than from the lateral sides. 
For example, isotropic etching may be conducted within an 
inductively coupled reactor. Example etching parameters 
which will achieve essentially isotropic etching where first 
material 12 is photoresist and/or other organic-comprising 
material are pressure from about 2 mTorr to about 50 mTorr, 
substrate temperature from about 0° C. to about 110° C., 
source power from about 150 watts to about 500 watts, and 
bias Voltage at less than or equal to about 25 volts. An example 
etching gas is a combination of Cl from about 20 sccm to 
about 100 sccm and O, from about 10 sccm to about 50 sccm. 
Where first material 12 comprises photoresist, such will iso 
tropically etch at a rate from about 0.2 nanometers per second 
to about 3 nanometers per second. If even more lateral etching 
is desired in comparison to Vertical etching, example param 
eterranges in an inductively coupled reactor include pressure 
from about 2 mTorr to about 20 mTorr, source power from 
about 150 watts to about 500 watts, bias voltage at less than or 
equal to about 25 volts, substrate temperature of from about 
0° C. to about 110° C., C1, and/or HBr flow from about 20 
sccm to about 100 sccm, O flow from about 5 sccm to about 
20 sccm, and CF flow from about 80 sccm to about 120 sccm. 
Pillars 20 may be considered as comprising tops 24. In one 
embodiment and as shown, pillars 20 are formed in an oblique 
lattice pattern, for example where openings 18 of FIG. 1 were 
formed in an oblique lattice pattern. 
The above example processing described with reference to 

FIGS. 1 and 2 constitutes but one example method of forming 
a pattern 15 on a Substrate independent of Subsequent pro 
cessing. Such a method broadly considered comprises form 
ing openings in material of a Substrate. This is followed by 
widening of those openings to join with immediately adjacent 
of the openings to form spaced pillars comprising the material 
in which the openings were formed after the widening, and 
independent of presence or nature of underlying material 
14/16. In one embodiment, the openings prior to the act of 
widening extend through the material. In one embodiment, 
the openings prior to the act of widening extend through a first 
material into a different composition second material (e.g., a 
first material 12 and a second material 14), and in one embodi 
ment the act of widening is not of those portions of the 
openings that are in the second material. Regardless, in one 
embodiment the pillars are individually of quadrilateral 
cross-sectional shape with concave sidewalls, and in one 
embodiment individually of rectangular cross-sectional 
shape. In one embodiment, the Substrate comprises another 
material (e.g., material 16) that is elevationally inward of and 
of different composition from the second material, with the 
openings extending only partially into the second material. 
Alternately, the openings may extend through the second 
material (not shown with respect to example openings 18 and 
second material 14). In one embodiment, the pillars are 
formed to be solid throughout. 

Referring to FIG. 3, third material 22 has been formed 
between pillars 20 elevationally over second material 14. 
Third material 22 is of different composition from that of first 
material 12. In one embodiment, third material 22 is of dif 
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ferent composition from that of second material 14. An 
example third material 22 is doped or undoped silicon diox 
ide. In one embodiment and as shown, third material 22 is also 
formed elevationally over tops 24 of pillars 20. 

Referring to FIG. 4, third material 22 has been removed 5 
back sufficiently to expose pillars 20. Such may occur, for 
example, by blanket etching and/or chemical mechanical pol 
ishing. Removal of third material 22 may occur selectively 
relative to material 12 of pillars 20. In this document, a 
“selective' removal requires removal of one material relative 10 
to another stated material at a rate of at least 2:1. 

Referring to FIG. 5, pillars 20 (not shown) have been 
removed. In some embodiments, such may occur by etching 
pillar material 12 (not shown) and selectively relative to third 
material 22 and/or selectively relative to second material 14. 15 

Referring to FIG. 6, third material 22 has been used as a 
mask while forming second openings 26 into second material 
14 where pillars 20 (not shown) were removed. Such may 
occur by etching. In one embodiment, forming of second 
openings 26 occurs by removing second material 14 selec- 20 
tively relative to third material 22, for example by etching. 
Depending on material composition and selected etching 
chemistry, a single etching chemistry and step may be used in 
removing the pillars and etching into second material 14. 
Alternately as an example, pillars 20 (not shown) may be 25 
removed selectively relative to second material 14, and etch 
ing conditions and/or chemistry changed for etching into 
second material 14 there-after. In one embodiment and as 
shown, second openings 26 are formed to extend only par 
tially through second material 14. Alternately, one or both of 30 
first openings 18 and second openings 26 may be etched to 
extend completely through second material 14 (not shown) at 
this point in the process. 

Referring to FIG. 7, third material 22 (not shown) has been 
removed from over second material 14 after the forming of 35 
second openings 26, thereby forming a depicted example 
pattern 17 on the substrate independent of subsequent pro 
cessing, if any. In one embodiment where photomasking is 
used, first openings 18 and second openings 26 have been 
formed in two different etching steps using only a single 40 
photomasking step. In one embodiment and as shown, first 
openings 18 form a prior oblique lattice pattern (FIG. 1) and 
second openings 26 in combination with first openings 18 
form a later square lattice pattern (FIG. 7). 
Some embodiments of methods of forming a pattern on a 45 

Substrate in accordance with the invention encompass form 
ing spaced pillars projecting elevationally outward of mask 
ing material that is over a substrate. For example, pillars 20 in 
FIG.2 may be considered as projecting elevationally outward 
of masking material in the form of second material 14 that is 50 
over a substrate 16, and independent of how second pillars 20 
are formed. Fill material is formed between the pillars eleva 
tionally over the masking material. For example, third mate 
rial 22 in the depicted embodiment may be considered as fill 
material. In this document, a stated “fill material’ completely 55 
fills void space that is between the pillars. After the fill mate 
rial is formed, the pillars are removed. First and second open 
ings are ultimately formed in the masking material, for 
example first openings 18 and second openings 26 regardless 
of order of formation. In other words, some orall of individual 60 
first openings 18 may beformed before forming some or all of 
individual second openings 26, Some or all of individual 
second openings 26 may be formed before forming some or 
all of individual first openings 18, or some or all of the first 
and second openings 18, 26 may be formed largely simulta- 65 
neously. Regardless, forming of the second openings may 
comprise using the fill material as an etch mask while etching 

6 
the second openings into the masking material where the 
pillars were removed. The first openings are formed in the 
masking material laterally of the second openings regardless 
of when formed. After the first and second openings are 
formed, the fill material is removed from being over the 
masking material. In one embodiment, the first openings are 
formed before forming the second openings, in one embodi 
ment before removing the pillars, and in one embodiment 
before forming the fill material with the fill material then 
filling the first openings. In one embodiment, the second 
openings have respective shorter minimum open dimensions 
at an elevationally outermost Surface of the masking material 
(e.g., W in FIG.7) than those of the first openings (e.g., W). 
Any other attribute as described above may be used. 

Referring to FIG. 8, second material 14 has been etched to 
extend first openings 18 and second openings 26 there 
through. If second material 14 is over substrate area outside of 
an array area or other target area of interest in which openings 
18 and 26 are formed, that substrate area may be masked 
while extending openings 18 and 26 through second material 
14 within the target area. 
Second material 14 of FIGS. 7 and/or 8 may be used as a 

mask while processing Substrate material beneath the second 
material through the first and second openings that are in the 
second material, for example as a mask for ion implanting, 
diffusion doping, or etching into underlying material. As an 
example, FIG. 9 shows example Subsequent processing 
wherein second material 14 of FIG.8 has been used as an etch 
mask while etching into substrate material 13 and/or 15 
through first openings 18 and second openings 26. The above 
described processing may have a tendency to round-out open 
ings 26, for example as shown. The openings formed in Sub 
strate material 13/15 may be used as contact openings, 
capacitor electrode openings, and/or for forming program 
mable portions of two-electrode memory cells, by way of 
examples only. 

Additional embodiments of methods of forming a pattern 
on a substrate are next described with respect to a substrate 
fragment 10a shown in FIGS. 10-19. Like numerals from the 
above described embodiments have been used where appro 
priate, with some construction differences being indicated 
with the suffix “a” or with different numerals. Referring to 
FIG. 10, substrate fragment 10a comprises first material 12, 
second material 30, and substrate material 32 elevationally 
inward of second material 30. Second material 30 is of dif 
ferent composition from that offirst material 12, and substrate 
material 32 is of different composition from that of second 
material 30. In one embodiment, second material 30 com 
prises elevationally outer material 34 and elevationally inner 
material 36 which are of different composition relative one 
another. An example elevationally outer material is hard 
masking material and/or antireflective material, for example 
SiON. An example inner material 36 comprises diamond 
like carbon. Openings 18 have been formed in first material 
12 of substrate 10a. In one embodiment and as shown, and in 
contradistinction to some embodiments as described above, 
openings 18 in first material 12 do not extend into underlying 
second material (i.e., second material 14 in FIGS. 1-9 and 
second material 30 in FIG. 10). 

Referring to FIG. 11, openings 18 (not shown) have been 
widened to join with immediately adjacent of Such openings 
to form spaced first material-comprising pillars 20. The first 
material-comprising pillars are used as a mask while etching 
into the second material to form second material-comprising 
pillars. Example embodiments for doing so where the second 
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material comprises different composition elevationally outer 
and inner materials are described with reference to FIGS. 12 
and 13. 

Referring to FIG. 12, first material-comprising pillars 20 
have been used as a mask while etching outer material 34 
selectively relative to inner material 36. First material-com 
prising pillars 20 may be reduced in thickness by Such pro 
cessing, for example as shown. 

Referring to FIG. 13, inner material 36 has been etched, 
and in one embodiment selectively relative to outer material 
34, to form second material-comprising pillars 40. In one 
embodiment and as shown, at conclusion of forming second 
material-comprising pillars 40, none of first material 12 (not 
shown) remains over pillars 40. In one embodiment, the etch 
ing into second material 30 to form second material-compris 
ing pillars 40 does not etch completely through second mate 
rial 30, thereby forming second material-comprising pillars 
40 to project integrally elevationally outward from second 
material 30. 

Sidewall spacers are formed over sidewalls of the second 
material-comprising pillars. One technique for doing so is 
shown and described with reference to FIGS. 14 and 15. 
Referring to FIG. 14, a spacer-forming material 42 has been 
deposited over tops and sidewalls of pillars 40 and over sec 
ond material 30 between pillars 40. An example material 42 is 
doped or undoped silicon dioxide. 

Referring to FIG. 15 spacer-forming material 42 has been 
anisotropically etched to form sidewall spacers 44. Interstitial 
spaces 46 are formed by sidewall spacers 44 laterally outward 
of pillars 40. Interstitial spaces 46 are individually sur 
rounded by longitudinally-contacting sidewall spacers 44 
that are over sidewalls of four of pillars 40. Sidewall spacers 
44 may be considered as comprising bases 47. 
The second material-comprising pillars are removed to 

form a pattern comprising the sidewall spacers. The pattern 
has openings therein where the second material-comprising 
pillars were removed and has the interstitial spaces. Example 
embodiments for doing so, particularly where second mate 
rial 30 comprises different composition inner and outer mate 
rials, are described with reference to FIGS. 16 and 17. Refer 
ring to FIG. 16, outer material 34 (not shown) has been 
removed, and in one embodiment selectively relative to inner 
material 36. Regardless, if desired, an optional cut masking 
and etching step (not shown) may be performed prior to the 
FIG. 16 processing over substrate area outside of an array or 
other target area in which a desired pattern is being formed. 

Referring to FIG. 17, inner material 36 has been etched at 
least to bases 47 of sidewall spacers 44, and in one embodi 
ment as shown by etching completely through remaining 
second material 30 (i.e., through inner material 36) to sub 
strate material 32. Regardless, a pattern 49 has been formed in 
FIG. 17 which comprises sidewall spacers 44 having open 
ings 48 therein where second material-comprising pillars 40 
(not shown) were removed and having interstitial spaces 46. 
and regardless of any Subsequent processing. 

In one embodiment, sidewall spacers 44 are used as a mask 
while processing Substrate material elevationally inward of 
sidewall spacers 44 through openings 48 and spaces 46, for 
example as a mask for ion implanting, diffusion doping, or 
etching into underlying material. FIG. 17 may be considered 
one such embodiment wherein etching has occurred into 
remaining second material 30 (i.e., elevationally inner mate 
rial 36) which is elevationally inward of sidewall spacers 44. 
Regardless, FIG. 18 also shows additional Such processing 
occurring by etching into material 32. (Elevational thickness 
of sidewall spacers 44 may be reduced, for example as 
shown.) Alternately as an example, Sidewall spacers 44 might 
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8 
be removed at the conclusion of the FIG. 17 processing, and 
remaining second material 30 (e.g., material 36) used as a 
mask for processing underlying Substrate material through 
openings therein. 

FIG. 19 shows example subsequent processing whereby 
sidewall spacers 44 (not shown) have been removed. Thick 
ness of remaining second material 30 (e.g., material 36) may 
be reduced. An outer portion of material 32 may comprise one 
or more hard-masking materials which may be used in further 
transfer of the resultant pattern to material inwardly thereof 
(not shown). Any other attribute as described above with 
respect to the first embodiments of FIGS. 1-9 may be used in 
the embodiments of FIGS. 10-19. 
The processing shown and described above with respect to 

FIGS. 10-19 are but example embodiments of a method of 
forming a pattern on a Substrate. Such method comprises 
forming spaced pillars (e.g., pillars 40) projecting elevation 
ally outward of a substrate, and independent of how those 
spaced pillars are formed. Sidewall spacers (e.g., spacers 44) 
are formed over sidewalls of the pillars. The sidewall spacers 
form interstitial spaces (e.g., interstitial spaces 46) laterally 
outward of the pillars, and which are individually surrounded 
by longitudinally-contacting sidewall spacers that are over 
sidewalls of four of the pillars. After forming the sidewall 
spacers, the pillars are removed. Thereafter, material that is 
elevationally inward of the sidewall spacers is etched through 
openings where the pillars were removed and through the 
interstitial spaces using the sidewall spacers as an etch mask. 
Any other attribute as described above may be used. 

CONCLUSION 

In some embodiments, a method of forming a pattern on a 
Substrate comprises forming openings in material of a Sub 
strate. The openings are widened to join with immediately 
adjacent of the openings to form spaced pillars comprising 
the material after the widening. 

In some embodiments, a method of forming a pattern on a 
Substrate comprises forming spaced pillars projecting eleva 
tionally outward of masking material that is over a Substrate. 
Fill material is formed between the pillars elevationally over 
the masking material. After forming the fill material, the 
pillars are removed. First and second openings are formed in 
the masking material. The forming of the second openings 
comprises using the fill material as an etch mask while etch 
ing the second openings into the masking material where the 
pillars were removed. The first openings in the masking mate 
rial are lateral of the second openings. After forming the first 
and second openings, the fill material is removed from being 
over the masking material. 

In some embodiments, a method of forming a pattern on a 
Substrate comprises forming first openings through first mate 
rial and into second material of a substrate. The first material 
is of different composition from that of the second material. 
The first openings in the first material are widened to join with 
immediately adjacent first openings in the first material to 
form spaced pillars comprising remaining first material after 
the widening. Third material is formed between the pillars 
elevationally over the second material. The third material is of 
different composition from that of the first material. After 
forming the third material, the pillars are removed. The third 
material is used as a mask while forming second openings 
into the second material where the pillars were removed. The 
remaining third material is removed from over the second 
material after forming the second openings in the second 
material. 
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In some embodiments, a method of forming a pattern on a 
Substrate comprises forming spaced pillars projecting eleva 
tionally outward of a substrate. Sidewall spacers are formed 
over sidewalls of the pillars. The sidewall spacers form inter 
stitial spaces laterally outward of the pillars. The interstitial 
spaces are individually Surrounded by longitudinally-con 
tacting sidewall spacers that are over sidewalls of four of the 
pillars. The pillars are removed after forming the sidewall 
spacers. After removing the pillars, material elevationally 
inward of the sidewall spacers is etched into where the pillars 
were removed and through the interstitial spaces using the 
sidewall spacers as an etch mask. 

In some embodiments, a method of forming a pattern on a 
Substrate comprises forming openings in first material of a 
Substrate. The openings are widened to join with immediately 
adjacent of the openings to form spaced first material-com 
prising pillars. The first material-comprising pillars are used 
as a mask while etching into second material to form second 
material-comprising pillars. The second material is elevation 
ally inward of the first material and is of different composition 
from that of the first material. Sidewall spacers are formed 
over sidewalls of the second material-comprising pillars. The 
sidewall spacers form interstitial spaces laterally outward of 
the second material-comprising pillars. The interstitial spaces 
are individually surrounded by longitudinally-contacting 
sidewall spacers that are over sidewalls of four of the second 
material-comprising pillars. After forming the sidewall spac 
ers, the second material-comprising pillars are removed to 
form a pattern comprising the sidewall spacers having open 
ings therein where the second material-comprising pillars 
were removed and having the interstitial spaces. 

In compliance with the statute, the subject matter disclosed 
herein has been described in language more or less specific as 
to structural and methodical features. It is to be understood, 
however, that the claims are not limited to the specific features 
shown and described, since the means herein disclosed com 
prise example embodiments. The claims are thus to be 
afforded full scope as literally worded, and to be appropri 
ately interpreted in accordance with the doctrine of equiva 
lents. 

The invention claimed is: 
1. A method of forming a pattern on a Substrate, compris 

1ng: 
forming openings in material of a Substrate, the material in 
which the openings are formed being laterally continu 
ous laterally outside of and among the openings over a 
region of the Substrate after forming the openings; and 

widening the openings to join with immediately adjacent 
of the openings to form spaced pillars comprising the 
material after the widening. 

2. The method of claim 1 wherein the pillars are individu 
ally of quadrilateral cross-sectional shape with concave side 
walls. 

3. The method of claim 2 wherein the pillars are individu 
ally of rectangular cross-sectional shape. 

4. The method of claim 1 wherein the material in which the 
openings are formed comprises first and second different 
composition materials, the first material being elevationally 
outward of the second material, the openings prior to the 
widening extending through the first material and into the 
second material. 

5. The method of claim 4 wherein the widening is not of 
those portions of the openings that are in the second material. 

6. The method of claim 4 wherein the substrate comprises 
a third material different in composition from that of the 
second material and elevationally inward of the second mate 
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10 
rial, the openings prior to the widening only extending par 
tially into the second material. 

7. A method of forming a pattern on a substrate, compris 
1ng: 

forming spaced pillars projecting elevationally outward of 
masking material that is over a substrate; 

forming fill material between the pillars elevationally over 
the masking material; 

after forming the fill material, removing the pillars; 
forming first and second openings in the masking material, 

the forming of the second openings comprising using the 
fill material as an etch mask while etching the second 
openings into the masking material elevationally 
directly beneath locations from which the pillars were 
removed, the first openings in the masking material 
being lateral of the second openings; and 

after forming the first and second openings, removing the 
fill material from being over the masking material. 

8. The method of claim 7 comprising forming the first 
openings before forming the second openings. 

9. The method of claim 8 comprising forming the first 
openings before removing the pillars. 

10. The method of claim 9 comprising forming the first 
openings before forming the fill material, the fill material 
filling the first openings. 

11. The method of claim 7 comprising forming the fill 
material elevationally over tops of the pillars. 

12. The method of claim 7 wherein the second openings 
extend only partially through the masking material. 

13. The method of claim 7 wherein the first openings 
extend only partially through the masking material. 

14. The method of claim 7 wherein the second openings 
have shorter minimum open dimensions at an elevationally 
outermost Surface of the masking material than those of the 
first openings. 

15. The method of claim 7 further comprising: 
after removing the fill material, using the masking material 

as a mask while processing Substrate material beneath 
the masking material through the first and second open 
ings in the masking material. 

16. The method of claim 7 comprising forming the pillars 
to be solid throughout. 

17. The method of claim 7 comprising forming the first 
openings in an oblique lattice pattern and forming a combi 
nation of the first and second openings in a square lattice 
pattern. 

18. The method of claim 7 comprising photomasking, the 
forming of the first and second openings being formed in two 
different etching steps using only a single photomasking step. 

19. A method of forming a pattern on a substrate, compris 
1ng: 

forming first openings through first material and into sec 
ond material of a substrate, the first material being of 
different composition from that of the second material, 
the first material and the second material in which the 
first openings are formed being laterally continuous lat 
erally outside of and among the first openings over a 
region of the Substrate after forming the first openings; 

widening the first openings in the first material to join with 
immediately adjacent first openings in the first material 
to form spaced pillars comprising remaining first mate 
rial after the widening: 

forming third material between the pillars elevationally 
over the second material, the third material being of 
different composition from that of the first material; 

after forming the third material, removing the pillars; 



prises etching into Substrate material beneath the second 
material through the first and second openings in the second 
material. 
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using the third material as a mask while forming second 
openings into the second material elevationally directly 
beneath locations from which the pillars were removed; 
and 

removing remaining third material from over the second 5 
material after forming the second openings in the second 
material. 

20. The method of claim 19 wherein the third material is of 
different composition from that of the second material. 

21. The method of claim 19 comprising substrate material 10 
elevationally inward of the second material which is of dif 
ferent composition from that of the second material, the first 
openings extending only partially through the second mate 
rial. 15 

22. The method of claim 19 comprising substrate material 
elevationally inward of the second material which is of dif 
ferent composition from that of the second material, the sec 
ond openings extending only partially through the second 
material. 2O 

23. The method of claim 19 comprising substrate material 
elevationally inward of the second material which is of dif 
ferent composition from that of the second material, the first 
and second openings extending only partially through the 
second material, and further comprising: 25 

after the removing of remaining third material, etching the 
second material to extend the first and second openings 
there-through. 

24. The method of claim 19 further comprising: 
after removing the remaining third material, using the sec 
ond material as a mask while processing Substrate mate 
rial beneath the second material through the first and 
second openings in the second material. 

25. The method of claim 24 wherein the processing com 

30 

35 

26. A method of forming a pattern on a substrate, compris 
ing: 

forming spaced pillars projecting elevationally outward of 
a Substrate; 

forming sidewall spacers over sidewalls of the pillars, the 
sidewall spacers forming interstitial spaces laterally out 
ward of the pillars, the interstitial spaces being individu 
ally surrounded by longitudinally-contacting sidewall 
spacers that are over sidewalls of four of the pillars; 

removing the pillars after forming the sidewall spacers; and 
after removing the pillars, etching into material elevation 

ally inward of the sidewall spacers elevationally directly 
beneath locations from which the pillars were removed 
and through the interstitial spaces using the sidewall 
spacers as an etch mask. 

27. The method of claim 26 comprising forming the pillars 

40 

45 

50 

over which the sidewall spacers are formed to comprise dif 
ferent composition elevationally outer and inner materials. 55 

28. The method of claim 27 wherein the removing of the 
pillars comprises: 

etching the outer material selectively relative to the inner 
material; and 

thereafter, etching the inner material. 
29. A method of forming a pattern on a substrate, compris 

60 

ing: 
forming openings in first material of a Substrate, the first 

material in which the openings are formed being later 
ally continuous laterally outside of and among the open 
ings over a region of the Substrate after forming the 
openings: 

65 
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widening the openings to join with immediately adjacent 

of the openings to form spaced first material-comprising 
pillars; 

using the first material-comprising pillars as a mask while 
etching into second material to form second material 
comprising pillars, the second material being elevation 
ally inward of the first material and being of different 
composition from that of the first material; 

forming sidewall spacers over sidewalls of the second 
material-comprising pillars, the sidewall spacers form 
ing interstitial spaces laterally outward of the second 
material-comprising pillars, the interstitial spaces being 
individually Surrounded by longitudinally-contacting 
sidewall spacers that are over sidewalls of four of the 
second material-comprising pillars; and 

after forming the sidewall spacers, removing the second 
material-comprising pillars to form a pattern comprising 
the sidewall spacers having openings therein where the 
second material-comprising pillars were removed and 
having the interstitial spaces. 

30. The method of claim 29 wherein the openings in the 
first material before and after the widening do not extend into 
the second material. 

31. The method of claim 29 comprising substrate material 
elevationally inward of the second material that is of different 
composition from that of the second material, the etching into 
the second material to form the second material-comprising 
pillars not etching completely through the second material to 
form the second material-comprising pillars to project inte 
grally elevationally outward from the second material. 

32. The method of claim 29 wherein at conclusion of form 
ing the second material-comprising pillars, no first material 
remains over the second material-comprising pillars. 

33. The method of claim 29 comprising substrate material 
elevationally inward of the second material that is of different 
composition from that of the second material, the removing of 
the pillars comprising etching through the second material to 
the substrate material. 

34. The method of claim 29 comprising forming the second 
material to comprise different composition elevationally 
outer and inner materials. 

35. The method of claim 34 wherein etching into the sec 
ond material to form the second material-comprising pillars 
comprises: 

etching the outer material selectively relative to the inner 
material; and 

thereafter, etching the inner material. 
36. The method of claim 34 wherein the removing of the 

pillars comprises: 
etching the outer material selectively relative to the inner 

material; and 
thereafter, etching the inner material. 
37. The method of claim 29 using the sidewall spacers 

having openings therein where the second material-compris 
ing pillars were removed and having the interstitial spaces as 
a mask while processing material that is elevationally inward 
of the sidewall spacers through said openings and spaces. 

38. The method of claim 37 wherein the processing com 
prises etching into the material that is elevationally inward of 
the sidewall spacers through said openings and spaces. 

39. The method of claim 29 wherein the openings where 
the second material-comprising pillars were removed are in 
an oblique lattice pattern and the interstitial spaces in combi 
nation with the openings where the second material-compris 
ing pillars were removed are in a square lattice pattern. 

40. The method of claim wherein 15 wherein the process 
ing comprises etching into Substrate material beneath the 
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second material through the first and second openings in the 
second material, the first openings being of a first horizontal 
cross sectional shape prior to said etching into Substrate mate 
rial beneath the second material, the second openings being of 
a second horizontal cross sectional shape prior to said etching 
into substrate material beneath the second material and that is 
different from the first horizontal cross sectional shape, said 
etching into Substrate material beneath the second material 
changing the second horizontal cross-sectional shape of the 
Second openings. 

41. The method of claim 40 wherein said etching into 
substrate material beneath the second material does not 
change the first horizontal cross-sectional shape of the first 
openings. 

42. The method of claim 40 wherein prior to said etching 
into substrate material beneath the second material the second 
openings comprise four concave sidewall portions, said etch 
ing into Substrate material beneath the second material form 
ing the second openings to comprise four convex sidewall 
portions. 

43. The method of claim wherein 25 wherein the first 
openings are of a firsthorizontal cross sectional shape prior to 
said etching into Substrate material beneath the second mate 
rial, the second openings being of a second horizontal cross 
sectional shape prior to said etching into Substrate material 
beneath the second material and that is different from the first 
horizontal cross sectional shape, said etching into Substrate 
material beneath the second material changing the second 
horizontal cross-sectional shape of the second openings. 
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44. The method of claim 43 wherein said etching into 

substrate material beneath the second material does not 
change the first horizontal cross-sectional shape of the first 
openings. 

45. The method of claim 43 wherein prior to said etching 
into substrate material beneath the second material the second 
openings comprise four concave sidewall portions, said etch 
ing into Substrate material beneath the second material form 
ing the second openings to comprise four convex sidewall 
portions. 

46. The method of claim wherein 38 wherein the first 
openings are of a first horizontal cross sectional shape prior to 
said etching into Substrate material beneath the second mate 
rial, the second openings being of a second horizontal cross 
sectional shape prior to said etching into Substrate material 
beneath the second material and that is different from the first 
horizontal cross sectional shape, said etching into Substrate 
material beneath the second material changing the second 
horizontal cross-sectional shape of the second openings. 

47. The method of claim 46 wherein said etching into 
substrate material beneath the second material does not 
change the first horizontal cross-sectional shape of the first 
openings. 

48. The method of claim 46 wherein prior to said etching 
into substrate material beneath the second material the second 
openings comprise four concave sidewall portions, said etch 
ing into Substrate material beneath the second material form 
ing the second openings to comprise four convex sidewall 
portions. 
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